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摘 要 
人体行为识别是计算机视觉的前沿研究课题，可应用在智能视频监控、人体
行为分析和视频检索等领域中。近年来 RGBD 视频的出现为人体行为识别带来
了新的机遇和挑战。在系统梳理 RGBD 视频的人体行为识别技术基础上，本文
发现目前的研究存在如下问题：特征维度高、缺乏判别力部位分析、深度学习网
络缺乏可解释性、特征融合难。因此本文分别针对上述问题，围绕着如何有效表
示人体的动作特征展开研究，具体的研究内容和创新点如下： 
1、针对特征维度高和缺乏语义解释的问题，提出了一种基于随机森林袋外
估计的判别力部位挖掘方法。该方法首先将各关节点部位的特征分别送入不同的
随机森林分类器，得到各行为和整个数据集上的袋外估计错误率；其次，从各行
为和整个数据集的角度，将关节点按错误率从低到高排序，得到各关节点的判别
力排序表，再通过阈值比较，得到各行为和整个数据集的判别力部位，发现各行
为中关键的特征所在。在MSR Action3D数据集上的实验表明：本文提出的方法
在不损失准确率的前提下，大大降低了特征维度，且能挖掘出各行为的判别力部
位，具有一定语义解释性。 
2、 针对真实场景下的实时性和强判别力需求，提出了一种基于部位元动作
的人体行为特征表示方法。该方法将工作 1的判别力部位结果与聚类技术结合，
首先引入单关节点部位的动态聚类，采用关节点判别力来动态确定聚类中心个数，
将判别力强的部位聚类个数增大，反之亦然。再引入判别力部位整体聚类，选出
高识别率的判别力部位，将每个判别力部位内所有的关节点视为一个整体，串联
特征后聚类，得到新的元动作。对于给定的样本，某个部位的元动作特征定义为
该部位基础特征与各聚类中心归一化欧式距离的串联。最后，分别采用单关节点
部位动态聚类和多判别力部位聚类的元动作特征来表示行为。在MSR Action3D
数据集上的实验表明：元动作特征表示能有效识别行为，且能高效降维，可用于
实时场景中。 
3、针对现有多特征融合方法维度高和计算复杂的不足，提出了一种基于特
征分类熵的多元特征选择方法。该方法考虑了三种单元特征：判别力部位的
HON4D 特征 (DP-HON4D)、基于判别力部位 DMM 的卷积神经网络特征
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(DPDMM-CNN)和关节点运动位移(JM)特征，其中前两种特征侧重表观信息，JM
特征侧重运动变化信息。特征选择时，首先采用随机森林分别训练各关节点的
HON4D表观特征，计算各随机森林分类器的平均分类熵。其次，测试时先将样
本的各关节点 HON4D特征送入对应的随机森林分类器，计算样本的分类熵，统
计所有关节点中低于对应平均分类熵的个数，超过一定阈值时采用表观特征，否
则采用其他特征。在MSR Dailly Activity 3D数据集上的实验表明：本文提出方
法能根据给定行为的特点进行多元特征选择，准确率比单元特征方法提升明显，
与其他特征融合方法相比，算法简单且维度低。 
综上所述，本文从行为识别中存在的维度高、缺乏语义解释等问题出发，提
出了基于随机森林袋外估计错误率的判别力部位挖掘方法，并进一步应用在关节
点特征聚类、深度网络结构和多元特征选择中。在 RGBD 通用数据集上的实验
结果表明，本文提出的方法能有效降低特征维度，并且能体现出行为间的类内变
化和类间变化，给多特征融合等技术提供了借鉴，有利于促进识别、特征处理和
分类等技术的发展。 
 
关键字：人体行为识别;  RGBD;  判别力部位; 聚类; 特征选择; 卷积神经网络 
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Abstract 
Human action recognition, a hot research topic in computer vision, can be applied 
to many scenarios, such as intelligent video surveillance, human activity analysis, 
video retrieval, etc. Recently, researchers discovered that depth information provided 
by RGBD sensors, such as Kinect, improves the efficiency of the action recognition 
results. Based on a survey of human action recoginition in RGBD videos, we found 
these works have some common drawbacks: 1) A large image area is always required 
to extract feature descriptors, leading to high computational complexity and high 
dimensionality; 2) These features generally lack semantic meaning. It is very difficult 
to judge whether or not a descriptor makes sense; 3) Multiple features are fused to 
improve recognition accuracy, but the fusion is difficult. To solve these drawbacks, 
we focused our reserach on represent actions with discriminative features. The major 
works and contributions are summarized as follows. 
1. In order to solve the high dimension and little semantic meaning, a Random 
Forest (RF) Out-of-Bag (OB) estimation based approach is proposed to select 
discriminative parts for each action. First, all the features of joint-based parts are 
separately fed into the RF Classifier. The OB estimation of each part is used to 
evaluate the discrimination of the joints in the part. Second, joints with high 
discrimination for the whole dataset are selected to design feature. The Discriminative 
Parts (DPs) reflect a rich semantic clue for each action; therefore, the actions are 
distinct from each other. Experiments conducted on the MSR Action dataset show that 
our proposed method extracts high DPs for the semantic meaning of each action. The 
results reveal that our method outperforms state-of-the-art methods in accuracy with 
lower feature dimensions. 
2. Most feature dimensions are still too high for real-time application. Part-level 
motion clustering can help reduce dimensions and verify actions. To this end, a 
meta-action descriptor for action recognition in RGBD video is proposed in this study. 
Specifically, two discrimination-based strategies - dynamic and discriminative part 
厦
门
大
学
博
硕
士
论
文
摘
要
库
厦门大学博士学位论文：RGBD视频中人体行为的特征表示方法研究 
IV 
clustering - are introduced to improve accuracy. Experiments conducted on the MSR 
Action 3D dataset show that the proposed method significantly outperforms the 
methods without joint position semantic. 
3. Multiple features, such as depth appearance and joint motion, describe actions 
in different aspects. Some features are discriminative to particular action, but not 
discriminative for other actions. In previous work, those features are always fused to 
improved recognition accuracy. And all the actions are described by the same feature. 
These feature fusion approach may result in high feature dimension and without 
making use of feature discrimination. Therefore, a novel approach is proposed to 
select multiple features according to RF's classification entropy. Based on RF's 
classification entropy, the discrimination of depth appearance feature is evaluated for 
each testing sample. Then one of the depth appearance and joint motion feature is 
selected to classify the testing sample. In particular, a new single feature -- 
Discriminative Part Depth Motion Maps based Convolutional Neural Network 
(DPDMM-CNN) – is proposed to describe actions. Our feature selection approach 
involves a small number of parameters and produces features with low dimention. 
Experiment conducted on the MSR Dailly Activity 3D dataset show that the feature 
selection approach outperforms the single feature and classical feature fusion based 
approaches. 
To sum up, this thesis aims at extracting features with high discrimination, low 
feature dimension and rich semantic meanings. Three novel approaches of feature 
representation for 3D human action recognition are proposed. The OB estimation of 
RF was applied to learn the DPs. And the learned DPs are applied in the feature 
clustering, CNN modeling and feature selection. Experimental results show that our 
proposed method is superior to other methods in recognition accuracy, computational 
cost, and semantic meaning. Relate results are beneficial to the development of 
recognition, feature coding and classification, etc. 
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Key words: Human Action Recognition; RGBD; Discriminative Part; Clustering; 
Feature Selection; Convolutional Neural Network. 
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